Cerebrospinal fluid (CSF) is a body fluid that has many important functions and is in direct contact with the extracellular environment of the central nervous system (CNS). CSF serves as both the communication channel allowing the distribution of various substances among the CNS cells and the storage facility for the waste products these cells release. For these reasons, CSF is a potential source of diagnostic biomarkers of many CNS diseases, including brain tumors. Recent studies have revealed that CSF also contains circulating microRNAs (miRNAs), short non-coding RNAs that have been described as biomarkers in many cancers. However, CSF miRNAs are difficult to detect, which is why researchers face major challenges, including technological difficulties in its detection and its lack of standardization. Therefore, this review aims (i) to highlight the potential of CSF miRNAs as diagnostic, prognostic and predictive biomarkers in brain tumors, and (ii) to summarize technological approaches for detection of CSF miRNAs.
Introduction
With an incidence rate of around 22 cases per 100,000 people, primary brain tumors account for less than 2% of all malignancies. However, the malignant forms account for about 33% of primary brain tumors, with an estimated 5-and 10-year relative survival rates of 34.4% and 28.8%, respectively. A prognosis and the patient's estimated survival depend on the tumor type. The most favorable prognosis is associated with pilocytic astrocytoma (with a 5-year survival rate of 94.2%), followed by malignant meningioma (65.2%) and lymphoma (29.2%). Patients with glioblastoma (GBM) have only a 5.1% 5-year survival rate [1] . Occurring in 20%-40% of adult cancer patients, metastases form another large group of brain tumors. Although the survival rate of brain metastasis patients is generally low, the prognosis varies among individual cases [2] .
Diagnosis plays a crucial role in making the prognosis and choosing the best therapy for the diagnosed brain tumor. Despite significant recent advances in the diagnosis of brain tumors, such as various modifications of imaging methods followed by histopathological examinations, the diagnosis is still limited by a tumor's size and localization as well as the heterogeneity of its tissue [3] . Hence, we need to develop new powerful diagnostic approaches that, together with the existing methods, would increase the accuracy of brain tumor diagnosis and thereby the survival of patients.
Promising diagnostic markers in many solid cancers seem to be circulating biomolecules that are altered in body fluids such as blood, urine or saliva. Nevertheless, the localization of brain tumors and the presence of the blood-brain barrier are deemed responsible for preventing the release of tumor-specific molecules into the above-mentioned body fluids [4] . Cerebrospinal fluid (CSF), which bathes the central nervous system (CNS) and is in direct contact with brain neoplasms, seems to be a suitable source of diagnostic biomarkers [5, 6] .
MicroRNAs (miRNA) are short non-coding RNAs that generally bind to the 3′ untranslated regions of messenger RNAs (mRNAs) and repress protein translation [6, 7] . miRNAs may regulate over 50% of all human genes, and each miRNA can control hundreds of mRNA targets. The deregulated expression of miRNAs is closely associated with the pathology of many cancers, including brain tumors [8] . Moreover, circulating miRNAs (c-miRNAs) have been found in several types of human body fluids, CSF being one of them. These miRNAs might be both secreted by the cells in extracellular vesicles and be released by necrotic cells as naked oligonucleotides.
Many authors have also suggested that c-miRNAs participate in intercellular communication and may influence molecular cell processes, such as growth, invasion and drug resistance in recipient target cells [4, 9] . An increasing number of studies on the altered levels of specific miRNAs in CSF of brain tumor patients have clearly shown that CSF miRNAs are promising diagnostic biomarkers. These results, however, are far from conclusive, mainly because of their technological variations, but also due to other serious limitations which we discuss below.
In this review, we summarize the diagnostic relevance of miRNAs in CSF for brain tumor patients and the technological approaches for their detection.
Methodical approaches used for miRNA detection in CSF
Detection of miRNA in CSF is a complex process that requires the following consecutive steps: CSF management and storage; isolation and expression analysis of miRNA; and final data normalization, analysis and interpretation. Unfortunately, the whole process can be affected by many factors and has not yet been standardized (Figure 1 ).
CSF management and storage
In the first and critical step of CSF management, a sample of patients needs to be collected. This should be performed by experienced physicians using the standard lumbar puncture, external ventricular drain or cisternal aspiration at the time of craniotomy [10] . To avoid bias of the subsequent analyses due to the preanalytical factors, a standardized protocol for collection of CSF samples should be established. Such a protocol has already been proposed by Teunissen et al. in 2009 and 2011 [11, 12] . These authors highlighted three crucial points for the protocol to work. First, as the volume of CSF can influence the concentration of biomarkers, the volume of CSF withdrawal should be at least 12 mL. An inadequate total volume of the sampled CSF can lead to complications during the lumbar puncture, like brain herniation; the adequate CSF volume should then be assessed individually for each patient and the corresponding diagnosis [2] . Second, a lumbar puncture should be performed between the L3 and L5 vertebraes. Third, CSF samples containing blood-derived cells or even skin cells must be excluded. In an independent study, Müller et al. [13] confirmed the importance of this point by showing that even after centrifugation of samples before analysis, the number of blood-derived cells influenced the expression of miRNAs. In this context, Kirschner et al. [14] detected 136 hemolysis-susceptible miRNAs (e.g. miR-21, miR-106a, miR-92a, miR-17, miR-16 and miR-451). Similarly, Bache et al. [15] found that levels of miR-16-5p and miR-451a as well as the average levels for all miRNAs in each sample strongly correlated with the net absorbance of oxyhemoglobin and hemoglobin in CSF of subarachnoid hemorrhage (SAH) patients. Therefore, the collected CSF should be tested for the presence of hemoglobin or cells. The time from the CSF withdrawal to laboratory processing and storage of samples is also important and should thus be documented. Next, the conditions of centrifugation for removing the debris, which should be done up to 60 min after the lumbar puncture, should be standardized at 400 g for 10 min at room temperature. However, in most of the existing studies, CSF samples are centrifuged at 500 g. More extensive and longer centrifugation is used to separate CSF extracellular vesicles and extract RNA from them. Akers et al. [10] used a different approach: they filtered the collected samples using a 0.8 μm pore size membrane filter. Finally, although miRNAs seem to be stable over a wide range of storage temperatures and resistant to repeated freeze-thaw [16] , the samples should be protected against any biochemical changes and supernatants should be aliquoted and stored at −80 °C as soon as possible.
miRNA isolation
As the concentration of miRNAs in CSF is low, their extraction is challenging. A few studies have compared the efficiency of currently available commercial kits for the purification of RNA from CSF. This process still lacks standardization, and thus it is not easy to choose the most efficient method.
Burgos et al. tested four commercially available RNA isolation kits for CSF samples: mirVana miRNA isolation kit, mirVana PARIS kit (both Thermo Fisher Scientific), BioPure RNA isolation reagent (Bio Scientific), and miRNeasy mini kit (Qiagen). They followed the manufacturer-provided protocol with one modification, for the phenol/chloroform phase separation. The authors performed two consecutive RNA extraction steps from an organic phase to maximize RNA recovery and, in both these extractions, measured the total and miRNA concentrations. The tested kits gave different yields, with the highest obtained by the mirVana PARIS kit (±9 and 25 ng/mL of total RNA from first extraction; ±6 and 20 ng/mL of total RNA from second extraction) and the BioPure RNA isolation reagent (±10 and 10 ng/mL; ±1 and 40 ng/mL). In addition, the mirVana PARIS kit returned the greatest amount of spike-in cel-miR-39, measured by qPCR [17] . qPCR is commonly used for indirect quantification when RNA is in so small a concentration that RNA yield is immeasurable [18] . Thus, as the mirVana PARIS kit gave the greatest concentration of small RNAs and had a user-friendly protocol, it comes as no surprise that the authors selected this kit as the most suitable one for small RNA sequencing. They also found that in some cases the combination of the two extractions almost doubled the recovery of the total RNA yield. Finally, they also estimated correlations of miRNA yields isolated using the mirVana PARIS kit with the 0.5-to 1.25-mL starting CSF volumes. The next-generation sequencing (NGS) analysis confirmed high positive correlations (Spearman's correlation over 0.95) between the starting volume of CSF and the levels of miRNAs with the coverage higher than five reads. The same experiment, but with RNAs extracted by the BioPure RNA isolation kit, showed similar associations as the experiment with the mirVana PARIS kit did. Thus, 0.5 mL of CSF should be a sufficient starting extraction volume to achieve reproducible results of miRNA analyses [17] .
To summarize our discussion of the methods of extraction of small RNA from CSF, several modifications of the manufacturer-provided protocols have been suggested. In McAlexander et al's. [19] study, which used the miRCURY: Biofluids kit (Exiqon), the increasing input volumes of CSF from Macaca nemestrina showed a quantitative recovery of four endogenous miRNAs. But as kits vary in the input of biofluid, it seems reasonable to choose the optimal input volume for a particular combination of biofluid and method [19] . Some studies have also supplemented the RNA extraction kit with glycogen or exogenous RNA (east tRNA or MS2 phage RNA) as the carrier. McAlexander et al. used pure glycogen, which -as an inert carrier -does not affect the downstream assays. Unlike pure glycogen, RNA carriers might cause nonspecific hybridization or amplification in the quantification assays. The authors also studied how glycogen affects RNA yield in blood plasma samples. The results were inconsistent because adding glycogen increased RNA yields only in the case of some extraction kits [19] .
Bache et al. [15] successfully used the MS2 carrier during the RNA isolation process handled by the miRCURY RNA isolation kit -Biofluids (Exiqon). The RNA obtained was then analyzed using high-throughput real-time PCR. However, for RNA isolation in the explorative phase of the project, the authors used the total RNA purification kit supplied by the Norgen Biotek Corp. [15] . In our experiments, the urine microRNA purification kit, also supplied by the Norgen Biotek Corp., was the most sufficient method for isolating miRNA from CSF, but only after reducing the elution volume from 50 μL to 20 μL and extending elution time to 20 min before centrifugation. However, these preliminary results need further studies and thus have not yet been published.
Finally, low concentrations of total and small RNA greatly decrease the accuracy of the standard methods used for the quantification and quality control of RNA, such as the Nanodrop and Qubit technologies. Hence, alternative methods might work better, e.g. the automated capillary electrophoresis, i.e. Bioanalyzer (Agilent). One can even use a special chip for a small RNA analysis, able to detect RNA at as low concentration as 50 pg/μL. Unfortunately, the price-achievement ratio of this chip is far from outstanding. This problem of inaccurate measurement of RNA quality and quantity might be alleviated by using the optimum volumes for the procedure chosen [4, 20] .
miRNA expression analysis
Final quantification of miRNAs in the extracted RNA samples is very important. Simply put, imprecise miRNA levels detected in the experiment can greatly affect the diagnostic power of these molecules. Although the techniques of CSF miRNA quantification do not differ from the commonly used approaches, the low RNA concentrations of the samples examined should always be taken into account.
The miRNA expression analyses are divided into two major groups: single miRNA analyses and global (or whole-genome) miRNA profiling. Currently, levels of individual miRNAs in CSF are measured exclusively using modified real-time PCR technologies. Among them, the most common approach is based on the specific reverse transcription with the stem-loop primers followed by the real-time PCR using the TaqMan detection system (Thermo Fisher Scientific) [16, 21, 22] . Baraniskin et al. [16] confirmed the reproducibility of this method. It is not the only suitable approach, however; another one is based on PCR with the universal reverse transcription followed by SYBR Green quantitative PCR with miRNA specific forward and reverse locked nucleic acid (LNA)-modified primers (Exiqon) [15] . Another study used digital PCR handled according to the TaqMan chemistry protocol for miRNA levels analyses in CSF. The results, consistent with the simultaneously performed NGS analysis, proved that the digital PCR experiments worked correctly [23] . This PCR technology seems suitable only for low-concentrated RNA samples and samples with undefined normalizer molecules, such as CSF.
For the global miRNA profiling, four high-throughput platforms are currently available, namely, hybridization arrays, technologies based on real-time PCR, nCounter platform and NGS. These platforms differ in the number of miRNAs they can detect, sensitivity, specificity, dynamic range, quantity of input material and total cost. Thus, all the circumstances of the profiling need to be considered before selecting the adequate technology.
Several studies have compared the high-throughput technologies for the CSF miRNA analysis. Sørensen et al. performed small RNAseq of RNA samples from CSF and detected 246 miRNAs, of which 71 were found in over 90% of the patients examined. Simultaneously, the authors used the Exiqon qPCR arrays, which enabled them to analyze 372 miRNAs in one experimental run, in which they detected 210 miRNAs. Nevertheless, only 21 molecules occurred in over 90% of the investigated samples. Both qPCR and small RNAseq detected all but one differentially expressed miRNAs, but in general the qPCR-based technology showed a lower detection rate [24] .
Bache et al. analyzed the global miRNA expression in CSF using the TaqMan Low Density Array (TLDA; Thermo Fisher Scientific) with 754 miRNAs on two independent cards. They detected 168 miRNAs in over 60% of healthy patients (128 miRNAs in all healthy patients) and 216 in over 60% of SAH patients (SAH; 155 miRNAs in all SAH patients). These 155 miRNAs were then validated using the Exiqon technology, with which only 74 miRNAs were detected in over 60% of the healthy patients (19 miRNAs in all healthy patients) and 100 in over 60% of the SAH patients (60 miRNAs in all SAH patients) [15] . These different numbers of the detected miRNAs by the two technologies may result from the preamplification step that precedes the TLDA analysis. Table 1 summarizes available studies that analyze CSF miRNAs using high-throughput approaches.
Data normalization
The last issue to address about miRNA profiling of CSF concerns how to normalize raw data. This is a challenging but important problem to solve, especially in the context of circulating miRNAs. Various technical and biological factors affect miRNA levels in body fluids. Examples of the technical factors are variability induced during collection and storage of the clinical specimens, the approach to miRNA extraction and the methods of final miRNA quantification. Examples of the biological factors are the amount of miRNAs in tissues, the intensity of their secretion into body fluids, the form of circulating miRNAs affecting their ability to cross various barriers and the stability of miRNA. It is because of these various factors that miRNA raw data need to be normalized. This normalization has been broadly recognized as one of the key factors in efficient miRNA analysis in CSF [35] . Several methods of CSF miRNA normalization have already been proposed. The first one is normalization by spike-in miRNA, which is added to the samples before the RNA extraction and quantitative analysis. This exogenous miRNA is normally absent in the organism studied (i.e. Caenorhabditis elegans [C. elegans] or plant miRNA), so its level reflects the technological variability only. The miRNA spike-in normalization has worked well in several studies comparing and optimizing the methods of CSF miRNAs detection. Burgos et al. [17] used quantitative analysis of spiked-in C. elegans miRNA cel-miR-238 to compare yields of small RNAs obtained in two consecutive extractions from CSF. Analyzing the effect of the starting CSF volume on the quantitative recovery of RNA yield, McAlexander et al. [19] spiked cel-miR-39 into the lysis/ denaturant buffer before adding it to CSF. According to the authors, synthetic RNA should not be added directly to CSF because endogenous RNases would degrade it immediately. For normalization of sample-to-sample variation, Bergman et al. [30] used exogenous miRNA spikein from Arabidopsis thaliana ath-miR-159a and C. elegans cel-miR-54, cel-miR-39 and cel-miR-238; the authors added synthetic miRNAs to each denatured CSF sample.
This approach, however, does not reflect the biological factors and possible variations in the CSF management prior to the RNA extraction. To take account of them, data can be normalized using the most stable endogenous miRNAs or another short RNA that is not associated with the pathogenic condition. Recent works have identified several such endogenous controls in CSF, for instance, -15a-5p , miR-21-5p, miR-23a-3p, miR-23b-3p, miR-99a-5p, miR-125b-5p, miR-145-5p, miR-204-5p and miR-320a) [24] , and Gui et al. (RNU44 and RNU6B) [29] . Nevertheless, it is not easy to choose the best normalizer, and no RNA molecule shows stable levels in all pathological conditions and CSF components, a conclusion drawn by Akers et al. [36] . In their study, miR-125 and miR-24 were inappropriate references for the quantitative miRNA analyses of extracellular vesicles in CSF.
A third approach, possible in high-throughput analyses, is to normalize levels of individual miRNAs according to the selected parameters based on comprehensive characterization of the sample. In other words, small RNA-seq raw data are generally expressed in reads per million (RPM), i.e. specifically mapped reads to individual miRNA divided by the total number of aligned reads and multiplied by one million. This approach was successfully used by Yagi et al. [23] . To estimate the relative miRNA levels from small RNA-seq data, the trimmed mean of M-values normalization method (TMM) can also be used. It estimates scale factors between the analyzed samples; these scale factors can then be used in the statistical methods for differential expression analysis [37] . This approach was used by Sørensen et al. [24] for the CSF miRNA analysis.
The simplest approach to normalizing raw data obtained by hybridization high-throughput platforms, like Affymetrix, is to re-scale each chip in an experiment by its total intensity. Many computational approaches can be used for such normalization, such as using selected genes instead of the entire gene set or scaling the individual intensities so that the median or mean value of intensities are identical within a single array or across all arrays.
Many normalization strategies are available and new ones will be developed in the future because choosing the most suitable approach to normalize the miRNA data for the method in use is crucial to draw unbiased conclusions.
CSF miRNAs as biomarkers in brain tumors
During the last decade, several studies have shown that deregulated levels of CSF miRNAs might be associated with malignant tumors of the CNS and might thus represent a novel group of possible diagnostic biomarkers. Many researchers have also focused on the use of CSF miRNAs as prognostic and predictive biomarkers of therapy response in patients with the CNS malignancies.
Diagnostic markers
In 2011, Baraniskin et al. [16] analyzed levels of six candidate miRNAs (miR-15b, miR-19b, miR-21, miR-92a, miR-106b and miR-204) in CSF samples obtained from 23 patients with primary CNS B-cell lymphoma (PCNSL) and 30 control patients with various neurologic disorders. These miRNAs were selected based on the two following criteria: (i) they are expressed by lymphoma cells at moderate or high levels and (ii) they show low or undetectable concentrations in CSF derived from the control patients. Only miR-19b, miR-21 and miR-92a showed significantly higher levels in the CSF samples from the patients with PCNSL than those from the control patients. Moreover, 22 of 23 PCNSL patients (95.7%) were correctly identified according to the levels of the above three miRNAs [16] . Several months later, the same authors published another study, in which miR-15b and miR-21 were higher in CSF samples from patients with glioma than in those from the control patients. On the other hand, CSF samples from patients with glioma had higher levels of miR-15b and lower levels of miR-21 than the CSF sample from the PCNSL patients [21] .
Subsequently, Teplyuk et al. reported that miR-10b was detected in most of CSF of GBM patients (89%) and patients with leptomeningeal and brain metastases of both lung and breast carcinomas (81%). This miRNA was, however, not detected in patients with various nonneoplastic neurological diseases. Furthermore, miR-21 level was higher in most of the CSF samples taken from GBM and metastatic patients than in the control CSFs. MiR-10b was expressed in most extracranial tissues and in peripheral blood serum. This miRNA was absent in both brain tissue and CSF of patients without pathologically diagnosed malignancy. This observation might suggest that, in physiological conditions, miR-10b and other miRNAs cannot pass the blood-brain barrier and, thus, CSF miRNAs might reflect a specific brain miRNA signature. Metastatic cells might bring their own miRNA signature to CSF, as miR-10b is abundant in lung and breast tissues and is present in the CSF of breast and lung cancer patients with the CNS metastases. To confirm this presumption, the authors evaluated the levels of miR-200a, miR-200b, miR-200c and miR-141 in the CSF samples from GBM and metastatic brain cancer patients and from healthy donors. Comparing these two patient groups is relevant because the miR-200 family is highly expressed in a primary carcinoma but not in normal brain or GBM and the other primary brain tumors. The levels of the miRNAs examined were higher in most of the CSF samples from the patients with leptomeningeal and brain metastases, but not from the GBMs or healthy donors. These results show that the miR-200 family could be a promising biomarker able to classify brain metastases and primary brain cancers [22] .
Using NanoString nCounter assay, Drusco et al. looked for possible diagnostic biomarkers of all CNS tumors across CSF miRNAs. They divided CSF samples from 34 neoplastic and 14 healthy patients into seven groups (GBM, medulloblastoma, lung metastasis, breast metastasis, primary CNS lymphoma, benign and normal) and performed data analysis as well as comparisons among all groups. Results were further validated using qRT-PCR and hybridization in situ. The CSF levels of miR-125b, miR-223, miR-451, miR-711 and miR-935 exhibited different patterns between the examined groups, which suggests that these miRNAs might be efficient diagnostic biomarkers of the CNS malignancies [38] .
Grotzer et al. analyzed CSF miRNAs in medulloblastoma and control patients. They detected 1254 miRNAs in the tumor CSF samples, and 86 of these miRNAs were differentially expressed between the groups. The authors also used culture medium in vitro to analyze miRNAs excreted by the medulloblastoma cells. Fifty-seven detected miRNAs were specific to the metastasis-related cell lines which represent the most aggressive medulloblastoma subtypes. Interestingly, the three miRNAs associated with metastases (miR-125a, miR-125b and miR-1290) which were over-represented in the culture medium of cancer metastasis-related cell lines were also detected in the CSF samples from the medulloblastoma patients [39] .
Finally, Akers et al. analyzed miR-21 levels in extracellular vesicles (EV) extracted from CSF samples from 13 GBM patients and 14 non-tumor control patients. miR-21 ranged from 0.14 to 1.04 copies per EV in the GBM samples and from 5.26 · 10 −4 to 1.48 · 10 −1 copies per EV in the control patients. The cut-off (<0.25) copy per EV classified the GBM patients with 87% sensitivity and 93% specificity. The authors also measured the levels of miR-21 in EV depleted CSF of the GBM patients, but miR-21 was undetectable [36] . Yagi et al. [23] confirmed, by NGS, that miRNA in CSF of the healthy donors is more abundant in the exosomal fraction than in the supernatant. Table 2 summarizes studies comparing CSF microRNA levels among brain tumors.
Prognostic and predictive markers
Teplyuk et al. were the first to study whether levels of CSF miRNAs reflects the activity of the GBM and metastatic brain cancers. Members of neither the miR-10b nor miR-200 famillies were detected in the CSF samples from cancer patients in remission. Similarly, miR-21 was detected at significantly lower levels in cancer patients in remission than in patients with progressing GBM or metastatic brain cancer. To examine whether levels of specific CSF miRNAs are associated with disease status and activity as well as tumor response to the therapy, miRNAs were quantified in the CSF of GBM and lung cancer patients under erlotinib treatment. During the treatment, the CSF levels of members of both the miR-10b and miR-200 families increased in patients with relapsing non-small cell lung carcinoma. However, the miRNA levels decreased after increasing the treatment dosage. The miR-21 levels in the CSF samples from the GBM patients with pseudoprogression were similar to the levels in the CSF samples from the non-neoplastic patients, whereas the miR-10b levels were higher in the first set of patients than in the second one. On the other hand, disease progression was accompanied by a notable increase in the miRNA CSF levels. In summary, Teplyuk et al's. [22] study indicates that CSF miRNAs may serve as biomarkers of response to the therapy and brain cancer progression.
Shi et al. examined CSF samples from recurrent glioma patients to detect miRNAs associated with this cancer, aiming to test whether these miRNAs can serve as prognostic biomarkers. For this purpose, they compared the miR-21 levels in CSF, blood serum and exosome. While blood serum-derived exosomal miR-21 levels of the glioma patients did not differ from the non-tumor control group, CSF miR-21 levels of exosomal origin were higher in the glioma patients. The CSF exosomal miR-21 levels reflected the presence of both tumor recurrence with anatomical site preference and spinal/ventricle metastasis. Therefore, the authors suggested that exosomal miR-21 might be a promising diagnostic and prognostic biomarker of glioma [40] . Finally, Tumilson et al. [41] observed that the increased levels of miR-21 in CSF were associated with a poor prognosis. Moreover, they suggested that CSF miR-21 has potential as a predictive biomarker of temozolomid resistance.
Conclusions
More often than not, prognoses for patients with brain malignancies are unfavorable. Not only does the prognosis depend on a tumor, it can also vary among patients with the same tumor type. Like in other cancers, early and accurate diagnosis is crucial for effective treatment but is seldom easy, mainly due to the tumor's localization or heterogeneity, common in gliomas. For these reasons, there is a clinical need for new biomarkers of brain tumors that would allow for precise diagnosis, prognosis and prediction of a response to therapy. These biomarkers should be stable, and their analysis should use common methods (like qRT-PCR) that provide simple, reproducible and fast analysis. From this perspective, brain tumors associated with miRNAs released and detected in CSF seem promising molecules, so it is not surprising that more and more research on this topic is being published. Despite the promising published data indicating CSF miRNAs as specific and sensitive brain tumor biomarkers, technical issues of the analysis are hurdles still to overcome. This is exactly why further research should focus on these technical issues, before even thinking of clinical implementation of CSF miRNAs.
Given that the CSF miRNAs are so promising as diagnostic, prognostic and predictive biomarkers of therapy response in brain tumor patients, we should continue our efforts to solve the technical hurdles and better understand the molecular mechanisms leading to the cellular secretion of miRNAs into body fluids. 
